Abstract. Even if not well defined a border exists between the soft and the hard X-ray region. The optics adopted in one region is not suitable for the other region and vice versa. Nevertheless, recently more and more experimentalists wish to investigate their samples by using an energy range as wide as possible. Without adopting complicated and very expensive mechanical solutions, it is a major challenge, for the optical designer, to find a solution suitable for both spectral ranges. This was our task for the TwinMic beamline at Elettra, the Italian 3rd generation synchrotron radiation source. This beamline will house a twin x-ray microscope, which combines scanning and full-field imaging in a single multipurpose end station and is operated in the 0.2-3 keV photon energy range. This energy range will be covered by a blazed grating, which has a very shallow blaze angle of 0.4°. With this grating mechanically ruled in the grating lab of Carl Zeiss very high diffraction efficiency can be achieved, expected to be higher then 10% over the whole range. This grating was tested at the KMC 1 beamline in BESSY, which is particularly suitable for this kind of measurements since it has a crystal monochromator that can go down to 1.7 keV and can be equipped with an high precision diffractometer. The obtained results demonstrate that is possible to work with this grating up to 6 keV with still enough efficiency (5% at 6 keV and 15% at 1.8 keV). The efficiency in the lower part of the energy range was tested at Elettra, again with very good results (more then 20% at 950 eV and 15% at 600eV). A second grating, also produced by Carl Zeiss, with a blaze angle of 1.1° will be mounted in the same monochromator, to cover the lower energy range. Both gratings have 600 grooves/mm, which is a good compromise for achieving the requested energy resolving power (of the order of 4000 in most of the range) and to have as much flux as possible, mandatory for the experiments proposed for this beamline. A multilayer mirror, mounted side by side with the two gratings, will permit a wide band selection of the incoming radiation. The beamline is expected to be operative in spring 2007.
MONOCHROMATOR DESCRIPTION
In these years there has been an increasing interest in developing optical devices able to monochromatize synchrotron radiation in a wide photon energy range, from the soft up to the hard X-ray region and different solutions have been proposed and realized. Diffraction gratings with single metal layer coatings (Au, Rh, Pt) have good first order efficiency at grazing angles up to 2000eV, but at higher energies their throughput is usually too low. Crystal monochromators are very competitive above 2 keV, where silicon crystal can be used, while to reach photon energies below 2 keV crystals with suitable large d-spacing are necessary. Various kind of natural and artificial crystals have been studied, but crystals with the right lattice parameters suffer radiation damage and/or heat loads and are difficult to be obtained with sufficient large size. In order to cover the entire soft X-ray region up to multikeV x-rays, interchangeable grating-crystal monochromators have been adopted. Of course, a single type of monochromator working in the full energy range is a more attractive cost effective solution, which allows user friendly operation of the beamline. A promising approach in this direction consists in using grazing incidence multilayer diffraction gratings [1, 2] , which are fabricated either by etching the grating structures into a multilayer mirror, or by depositing a multilayer coating onto the grating surface. Multilayer gratings combine a high throughput with a good spectral resolution. Nevertheless their realization has still to overcome many technical difficulties. Another possible approach is the use of diffraction gratings with very shallow groove depths, capable of working at very small angles of incidence. Very recently, a holographic laminar grating with 600l/mm and 6nm groove depth has been realized and characterized in the energy range from 3 to 8 keV [3] at an incidence angle of 89.5°, showing very promising results. An alternative can be the realizations of monochromator in which one can exchange between gratings and crystals. This is a possible and proved solution but is typically quite expensive and complicated from the mechanical and optical point of view.
The solution chosen for the Twin-Mic beamline [4, 5] at Elettra, the Italian 3rd generation synchrotron radiation source, is a blazed diffraction grating with a shallow blaze angle of 0.4°, which permits a quite high efficiency in a very large energy range, from few hundreds to few thousands of eV. In our case, this grating will be used in the 0.4-3 keV range, which is the desired working range for the twin X-ray microscope served by this beamline. The very shallow blaze angle allows reaching the high energy range where grazing incidence angles are necessary. The grating has 600 grooves/mm, which is a good compromise to have the requested energy resolving power (of the order of 4000 in most of the range) and to have as much flux as possible, mandatory for most of the proposed experiments. The grating was manufactured at Carl Zeiss on a silicon substrate of dimensions 100 mm x 20 mm x 30 mm and then coated with a 30 nm thick gold layer. The grating pattern with a groove density of 600 l/mm and a blaze angle of 5.6° was mechanically ruled by the Zeiss ruling engine GTM6, operating under interferometric control, over a gold layer evaporated onto the silicon substrate surface. A blaze angle reduction to 0.4° was obtained by reactive Ar+ + O+ ion beam etching, a technique which exploits the significant higher Ar+ + O+ ion beam etching rate of gold in comparison with that of silicon. This effect is used to reduce the blaze angle by transferring the groove pattern from the gold ruling layer into the silicon substrate. In addition to the blaze angle reduction, this technique reduces the micro roughness on the blaze facets: the 0.9 nm rms micro roughness of the mechanically ruled grating decreased to 0.3 nm rms (figure 1). The choice of the blaze angle of 0.4° is due to the request to privilege the "medium" photon energy range, i.e. the 800-2500 eV(from the L edges of the transition metals like Cu to the S-K edge), where most of the experiments will be carried out. In particular, in our case, where an SX700 type monochromator is used, for a typical Cff value of 2.25, efficiencies above 20% are expected in most of the mentioned range. Similar values can be obtained with a blaze angle of 0.5° which privileges the lower energy part respect to the higher one, while, with a further reduction of the blaze angle, (down to 0.1°) the higher energy can be efficiently diffracted [6] .
Since this is not a conventional grating, we were highly interested to understand if the expected high performance of such an optical device was achievable or not. The main source of incertitude is the real technical capability to produce such a shallow blaze angle. Even if an AFM measure can confirm the groove profile, the proof of a real high diffraction efficiency is the only unambiguous result, and this is what we searched for. Since this is not a common spectral range, it was difficult to find a proper beamline where to test it, and in particular it was not available at Elettra. One of the very few facility in the world, capable to access such an energy range, was the KMC-1 beamline [7] at Bessy, the 3 rd generation Synchrotron Radiation Source in Germany. This is a bending magnet beamline particularly suitable for this kind of measurements because it has a double crystal monochromator that can go down to 1.7 keV and can be equipped with a high-precision reflectometer. The grating was mounted in the reflectometer so that the radiation was incident on the center of the ruled area and the groove facets with the 0.4° blaze angle faced the incident beam. The beam was approximately 0.5 mm in diameter and a slit of angular width 0.4 mrad covered the photodiode detector. The efficiency of the grating was measured at several fixed incident angles, whereas the detector was rotated to scan the various diffraction orders. The measurement was repeated at several photon energies between 1700 and 6000 eV. st (right) order as a function of the energy for different incidence angles. All these measurements were made at the KMC-1 beamline of BESSY. Bottom: Measured efficiency of the 1 st diffraction order for different energy as a function of the grazing angle of incidence on the grating. The dashed line was obtained at BESSY, the low energy curves were obtained at Elettra. In figure 2 the experimental results are reported. In the top part of the figure, it is reported the measured efficiency for the 0 th and 1 st order for different incidence angles as a function of the incident photon energy. In the bottom part of the same figure, it is reported the efficiency of the 1 st order for different energies as a function of the incidence angle. In this last graph, there are also 3 curves collected at Elettra at the Nanospectroscopy [8] beamline. These results were obtained by measuring the intensity of the direct and diffracted spot on a YAG Crystal. This experiment, carried out at 3 photon energies (600, 770 and 950 eV), was supposed to be just a test and some sources of error are present in it, like the non tested linearity of the YAG crystal or the absence of a precise motion system for the positioning of the grating. Nevertheless, it gives some very interesting results. First of all, it comes out that a grating which can efficiently work up to 6 keV, has a very high efficiency also at lower photon energies, i.e. above 20% in the 600 eV region. Unfortunately it was not possible to make measurements at lower energies but, the trend of the measured efficiency being in good agreement with the calculated one, an efficiency of the order of 10% or better is expected also at 400 eV. But the high energy part is of course the most interesting. As a matter of fact, without working at very grazing incidence angles, which imply mechanical, alignment and reproducibility problems, it is possible to have an high efficiency at energies uncovered by conventional gratings. More details on the manufacture of such a grating and on the measurements performed at Elettra can be found in a previous article [9] .
In the following table 1, the best measured efficiencies are reported. The use of this kind of grating in such a large energy range is possible only in a monochromator like the SX700 operating with collimated light, in which one can freely select the angle of incidence and diffraction. Nevertheless, also in an SGM or standard SX700 it gives the advantage to access the hard (or at least "tender") x-ray region, without using a crystal monochromator side by side with a gratings based one. Another important advantage of the use of gratings instead of crystals, is the possibility to increase the photon flux at the sample by increasing the enegy bandwidth selected by the monochromator, i.e. opening the exit slit.
